
���������	�
�������� �����

�����������������

 �!#"��$�&%�!(')�+*�,.-/!#"��$�&01*�*32

4 �50���&'�67�5�8'9*�,/:<;8��%�!#=$%

>�?A@CBEDFBBHGAIAJKDMLHLN@CO�DFPRQ	SCSUT	VHOAQ	PASC@XW1DYLN?ZLN?[@1VH@U\&GADFVE@CJ.@CP]LNBT_^`L]?A@baPADYcd@CVEBEDYLfegT	^
h DMcA@UVEijT�T	kl^mT	VnLN?[@1O[@Uo	VH@U@1T	^qprT�S(L]T	V8T	^ts�?ADFkuT	BHT	iA?]e



vxw<y5z�{�|~}�z

� BE@CQ	VES�?�^mT	V<��Q	PAOAQ	kFkY���AGAP[OAVEGAJ o_VEQ�c5DML]T	PAB�OA@USCQ�e5DFPAo�L]T�LfWT�iA?ATCL]T	PAB�DuB�ij@UV��
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à Q	J @#³�L]VE@CJ.@CkMeáo_VEQCL]@U^mGAk¶L]T���Q�eâ¢�GAkFI5@CV�L]BET	PA¡ã8@UQCL]@�ä@UDFPA@CJ.Q_PAPåQ	P[Oæ>tVEQ	SC@(e
ã8@CVEV¨e�^mT	VbQ	kFk$LN?A@CDuVbo	GADFOAQ	P[SU@.Q	PAO�Q	O°c5DuSC@U¡ÇQ	B8W¦@Ckuk�Q	B�LN?A@CDuVbiAQ·LNDF@UPASC@�Q	P[O�GAP[OA@UV¨�
B¨LNQ	PAO[DuPAo_« à Q	J @CBEij@USUDFQ	kFkMeáo_VEQCL]@U^mGAk�LNT��AQ	J äQ	VHi5@CVÈ^mT	VÈQ	kFk¦?ADFB�?A@UkFiA¡~@UPAOAkF@UBHB
iAQ·LNDF@UPASC@�Q	PAO9JKT	VEQ_k¶BEG[iAi5T_V�LN«�±®Q_PNe�LN?AQ_PAç&BZQ	kuBHT/LNT<±®DFç_@�ä�T	GAkFOA@UP�^mT	V~Q	kukÇ?ADFB
DFP]c[Q_kuGAQ_IAku@/^m@U@UO[IAQ	S�ç�W1?ADukF@~L]V�e5DuP[o�LNT®i[G°LL]?ADuBXLN?A@CBEDFB�LNT_o	@(L]?A@UVH¡8Q	PAO¬^mT_V~JKQ	ç&DFPAo
@#cd@UV¨e&LN?ADFPAo�VHGAP�Q	BbBEJKT²T·LN?AkYe�Q	BbijT	BEBHDuIAkF@U«£±®Q	P]e®L]?AQ	PAç&B�LNT�ã8Q	VHV�e�èbDFPAo�^mT	VrQ	P°�
B¨W¦@CVEDFPAo�JXe�@UP[OAku@CBEB.\&GA@UB¨LNDFT	PABKQ	PAO�^mT	V¯BHGAS�?¥Q<o_VE@UQ·L£DuP]LNVHT²O[GAS(L]DuT	P®L]T<¢�?ADuSCQ	o	T	«
>�?AQ_PAç&B8Q	kFBET�L]T�LN?[@s�?ATCL]T	PA¡Ó Zé�sªQ_PAO/é�³5TCLNDFSUB¶o	VET	G[iAB¶QCL¢�pr¤g^mT_VÇQ	kFkÓLN?A@CDuVÇ?A@UkFi
Q	P[O/BEG[o	o	@UB¨LNDFT	PABH¡$Q	PAOrLNTXLN?A@�W1?AT	kF@¢�pr¤�o	VHT	GAi.QCL h DYcd@CVEijT²T	kF« à WT	GAkFOÈ@CBEij@USUDFQ	kFkMe
kFDuç°@ÇLNTQ	S�ç&PAT�W1ku@COAo	@rsnQ_GAk$ã8T�TCL]?A¡&W1DYLN?[T	G°L8W1?AT_BE@¦DFPABEi[DuVHQCLNDFT	P�Q	PAO/ku@CQ	OA@UVHBE?ADFiLN?[@
o	VHT	GAi¯WT	GAkFO�PATCL1?[Q�cA@~Ij@U@CPRijT	BHBEDFIAku@C«
�Aij@USCDuQ_k_LN?AQ	P[ç�B�o	T¶L]TbJ�e�iAQ_VE@UP]L]BE¡j±®DuS�?[Q	@Uk`Q	PAOKèbQCLfe	¡d^mT	V$LN?A@CDuV�kFT�cd@XQ	PAOKBEG[iAi5T_V�LN¡
Q	P[OZL]T�BHT	JK@bo	VE@CQCL1^mVEDF@UPAO[B�W1?AT.?AQ�cd@1?A@Ckuij@UO£JK@XL]?AVET	G[o	?¯LN?A@8LNT_GAo	?A@CV�L]DuJK@CBE«
à Q_kuBHT3LN?[Q	PAçrQ	kFk]LN?A@ÇJ.@CJIj@UVHBnT	^A¤`@CVEJKDukFQ	IA¡²DuP[SUkFGAOADFPAoÇLN?[@tLN@CS�?APADFSUQ	k�B�L]Q	ê¦W1?AT?[Q�cA@
IAG[DukYLN¡8JKQ	DFP]LNQ	DFPA@CO9Q	PAO¬VHGAP9I5T·LN?£L]?A@È>t@(c²QCL]VET	P¬Q_PAO¬¢�pr¤¿OA@#LN@CS(LNT_VE¡8Q	P[O9o	VEQCL]@(�
^mGAkFkYe<Q	S�ç&PAT�W1kF@UOAo	@1^mGAPAO[DuPAoZ^mVHT	JáL]?A@¦sqQ	V�L]DuSCku@bs�?]e$BHDuSCB�Q_PAO � B�L]VET	P[T	J�e®��@CBE@UQ_VES�?
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à P�ðbS(L]T	I5@CV��	©	©	ñ	¡�W1?ADFkuB¨L�GAPAOA@CV�LNQ_ç�DFPAo<LN?A@�OADFiA?AT·LNT	P�Q	PAQ_kMe5BEDFB£QCL�¢�pr¤µ¡ à W¦Q_B
Q	kFBET<DFP]cdT	kYcd@CO¥DFP®LN?A@�VH@UiAkFQ	SU@CJK@UP]L®T_^�L]?A@�¢�@UP]L]VEQ	k�s�VE@CBE?AT�W@UV ¸ ¢�s�� Â Q	PAO9¢�@UP)�
L]VEQ	kl¢�VHQ	S�ç ¸ ¢�¢�� Â OA@#LN@US#LNT	VHBE¡`W1DML]?�Q	PRDuP]LN@Co	VEQ·LN@UO�OA@(L]@US(L]T	VI[Q	BE@CO®T	P�BHSUDFP]LNDFkukFQCLNT_V
¸ ¢�s3��� Â «�>�?A@�¢�s��òiAkFQ�e5B~Q	P�DFJKi5T	V¨LNQ	P]L�VET_ku@ZDFP�VH@UBHT	kMc5DFPAo�BHDuP[o	ku@KiA?[TCLNT	P[B1^mVHT	J
JK@UBHT	PóOA@CSUQ�e5BE¡�W1?ADFS�?§SUQ	PAP[TCL®Ij@�Q_S�?ADu@#cd@CO�I]e�LN?[@�BE?[T�W@UV/J.Q·³$DFJG[J OA@#LN@CS(LNT_V
Q	kFT	PA@C¡ÃOAGA@�LNT1L]?A@1BEJKQ	kFktQ_PAo	GAkFQ	V�BE@Ui[Q	VEQCL]DuT_PA«¦>�?A@~¢�s3�âGABH@UB�iA?ATCL]T	P�SCT	P]cd@UVHBEDFT	P
VHQCLN@CBE¡²W1?ADFS�?�Q_VE@r@UP[@UVEo·e�DuP[OA@Uij@UPAO[@UP]LN¡ÃQ	PAO�SCQ	P�I5@rGABH@UO£QCL1Q	P]e<@CPA@UVHoCe�VHQ	PAo	@C« à L
DFBÇQ_kuBHT¯DuJKijT	V�L]Q	P]L¦DFPÈDFJKiAVET�c5DuP[o�LN?A@�ô(@(L¦VE@CBET	kFG°LNDFT	PA¡ÓLN?[VET	GAo_?ÈDuP[SUT	VHi5T	VHQCLNDFPAoXLNVEQ_S�çN�
DFPAogDFPA^mT	VHJKQCLNDFT	P�DuP�L]?A@Zô(@(L�VE@USCT	PAB¨LNVEG[S(LNDFT	PóQ_kuo	T_VEDYLN?AJK«Æ>�?A@R¢�s3���gBHSUDFP]LNDFkukFQCLNT_V
SCT	GAP]LN@CVEB�Q	VH@¦VE@CQ	O�T	G°LbI]e�W¦Q�cd@Cku@CPAoCL]?�BE?[Du^õL]DuPAoZ´[I5@CVEB�Q	PAO�?[Q�cA@rI5@#LEL]@UV�BE@Co	JK@UP]LNQ·�
L]DuT	P[¡jW1?ADFS�?�DuJKiAVHT�cA@¦ô(@(LZ@CPA@UVHoCe9VH@UBHT	kuG)LNDFT	P<I]e9SUT_VEVE@CS(L]DuPAo�^mT_V@UP[@UVEo·e9kFT	BEB¦DFP/LN?[@
OA@CQ	OÈJKQCL]@UVEDFQ	k5DuP�^mVHT	P]LrT	^lDYLrQ	P[OÈQ	OAOADFPAoZDYLNBÇDuPA^mT_VEJKQCLNDFT	P�DFP~ô(@(L¦Q	kFo	T	VEDYLN?[J.B¶DuPASCT	V��
ijT	VEQ·LNDFPAoRS�?[Q	VEo	@CO£L]VEQ	S�ç&DFPAo	«®>�?A@.BESCDuP]L]DukFkuQ·LNT	V~Q	kuBHT�?AQ_B1QRI5@#LEL]@UVbBEDFo	PAQ	k�VH@UBEijT	PABH@
VH@UBET_kuG°L]DuT_PgSUT_J.i[Q	VE@CO£LNTKLN?A@KT	kFOgo_Q	BbOA@(L]@US(L]T	VEBH¡qW1?ADFS�?¬DFB~T	^ÇSUVHGASUDFQ	k�DuJKijT	V�L]Q	PASC@
L]T.@Cku@CS(L]VET	P£Q	PAO£iA?ATCL]T	P£DuOA@CP]LNDF´ASUQCL]DuT_P�Q	PAO�@CPA@UVHoCe�VE@CBET	kFG°LNDFT	P£DuJKiAVHT�cd@UJK@CPNL]BE«
¤`VET_JöÕÓQ	P&GAQ	V¨eg�_©	©	�rLNT � iAVHDukÃ�	©	©_�	¡ à W¦Q_B�DFP]cdT	kYcd@CO�DFP�¢�pr¤�T	ij@UVHQCLNDFT	PABH¡qVH@UBEijT	P°�
BHDuIAkF@b^mT	VXOAQCL]QrL]Q	ç&DuP[o.Q_PAORO[QCLNQK\&GAQ	kFDMLfe	«
� iAQ	V�L/^mVET_J÷W1?A@UVH@ÈB�L]QCLN@COgTCL]?A@UV¨W1DuBH@U¡�Q	kFk�VE@CBEGAkYLNB~iAVE@CBE@UP]L]@UO9DFPRLN?ADFB1Q	PAQ	kYe5BEDFB¯Q	VE@
L]?A@8W¦T	VHçÈT	^dLN?A@bQ	G)LN?AT	VH«
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ñ	«FÎ prDFê5@CVE@CPASU@�I5@#LfW¦@C@UPL]?A@XJ.Q_BEB3BEij@US(L]VEQ~DuP¹¤ ¾ �#��O[QCLNQ1Q	PAO.±®T	P]LN@
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L]?A@bVEDFo	?]LN«[«1«1«1«1«1«~«1«~«1«1«~«1«~«b«1«~«1«1«~«1«~«1«1«~«b«1«~«1«~«1«3�C©w`
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Q	B¶SUT	JKiAQ	VH@UOL]T�LN?A@�B�L]Q	PAOAQ	VHO�BEDFOA@UI[Q	PAO�OADFB�LNVHDuI[G°LNDFT	P ¸ O[@UPATCL]@UO�I]e
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RS Graviton Searches, 95% C.L. Exclusion Regions
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